We describe FASTBUS boards which interface sixteen different trigger interrupts to the Collider Detector Facility (CDF) data acquisition system. The boards are known to CDF by the acronym 'FRED'.
Introduction
The data acquisition scheme for CDF allows for up to 16 different parts of the detector, called 'Partitions', to run independently. The concept of "Partitions" is one of the fundamental ideas underlying the design of the CDF Data Acquisition System. A Partition is a subset of the detector that is being run with its own trigger and possibly its own Data Acquisition Computer as if it were an independent experiment.
Partitions can be defined dynamically and are intended to be used mainly during setting up, calibration or debugging.
In general they are a powerful tool whenever different groups of people are U.S. Government work not protected by U.S. copyright.
working simultaneously on different parts of the detector.
During data taking, when all the detector is functional, there will be only one partition -the "Global Partition" -that will include all the detector components.
Triggers
In the CDF data acquisition system, two levels of triggering are required before data are digitized and stored in temporary buffers.
They are called Level 1 and Level 2 triggers. An event passing both levels of triggers will then be assembled and submitted to an array of processors for further selection (Level 3).
At the Fermilab Collider bunch crossings can occur every 3.5 microseconds. In coincidence with each bunch crossing, all front end electronics are strobed and signals from the detector are stored into analog sample and holds. A decision on whether to consider the event for further analysis must be made before the next bunch crossing.
This task is performed by the Level 1 trigger. If no Level 1 trigger is generated all front end electronics are cleared and readied for the next bunch crossing.
Since no beam-beam collision occur between bunch crossings the Level 1 trigger logic introduces no dead time.
If a Level 1 trigger is generated the front end is not cleared and analog values are held until the Level 2 trigger logic has reached a decision. This may take a time equivalent to many bunch crossings. All the events occurring in the meanwhile are lost, consequently the Level 2 trigger logic is a source of dead time. We require that Level 2 does not generate more than 10% dead-time.
CDF and Autonomous Partitions
Every partition in CDF needs trigger signals.
This applies both to Level 1 and Level 2 (Level 3 will be available only to the Global Partition).
The trigger signals to the Global Partition will be provided by special hardware designed to look for special physics processes. Some partitions will be able to share the response of the same trigger processors for their own purposes. These partitions are called "ICDF Partitions".
The synchronization required for the sharing of the same trigger logic is provided by FRED through the generation and use of the "'Triggefr Busy" signal. fig.3 . A 4-bit counter is loaded at regular time intervals with a number from 1 to 15 ("Burst Count"). Every time a trigger is accepted the counter is decremented.
If the counter reaches 0 further triggering is inhibited until the counter is loaded again. The time interval between consecutive loads, and the number loaded, are both programmable through FASTBUS registers. The rate limit may be set anywhere between 0.16 Hz and 10 kHz.
One advantage of this scheme over the "divide by N" approach is that, whatever the input rate, the output rate cannot exceed the set limit. This approach gives direct control over the maximum dead-time introduced by each trigger independent of the input rate which may vary if the luminosity of the machine or the background conditions change.
Level 2 Trigger Protocol
If the Level 1 decision has been affirmative the Level 2 logic is started.
While the Level 1 logic has a limited amount of time to give an answer (before the next bunch crossing) no time limit is set a-priori for the Level 2 decision.
A limit is imposed by dead time considerations and by the volatile nature of analog memories in the front end which tend to drift with time. A reasonable limit for the Level 2 decision is of the order of 100 microseconds. The goal is to generate most Level 2 decisions in less time.
The Level 2 decision is made for each partition, by one or more "Level 2 Processors". Each one of them is expected to output either a "Level 2 Reject" (L2R) or a "Level 2 Accept" (L2A). If more than one processor is involved, the standard option is to accept the event whenever at least one processor accepts it. As an alternate solution, one or more processors may be allowed to "vetot" the event. fig. 4 : each processor assigned to any of the four CDF partitions can be defined as "Standard" or "Veto". Note that if no processor is assigned to a partition, a Level 2 accept will be automatically delivered to the TS for every event passing Level 1. 
